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(54) Chemical mechanical polishing for isolation dielectric planarization 

(57) A fabrication method for an integrated circuit 
structure, comprising the steps of: forming an oxide 
structure which includes, distributed there-through, a 
first layer comprising silicon and carbon; and polishing 
said oxide structure, using a slurry composition which 
has a selectivity to said first layer of greater than 10 to 1 , 
so that said polishing step smoothly removes said oxide 
on a first side of said first layer and stops on exposed 
areas of said first layer; whereby said exposed areas of 
said first layer define a uniform surface level for said 
oxide structure. In an embodiment, silicon carbide is 
used for a hardmask for the isolation dielectric etch and 
also serves as an etch stop for chemical-mechanical 
polishing. Alternatively, silicon carbonitride or silicon 
carboxide can be used. 
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Description 

[0001 ] The present invention relates to integrated circuit structures and fabrication methods, and particularly to chem- 
ical mechanical polish (CMP) stops used for isolation dielectric planarization. 

5 [0002] Chemical mechanical polishing (CMP) is a planarization technique which has become increasingly important 
in integrated circuit processing in the 1990s. CMP, unlike most other planarization techniques, provides global planari- 
zation. This global planarization avoids problems of step coverage, and hence helps achieve the numerous multiple lay- 
ers of metallization which are now desired. Global planarization also improves lithographic resolution, by removing 
constraints on the depth of field. 

10 [0003] In a CMP process, a wafer is polished in a slurry of a very fine abrasive (typically alumina, Al 2 0 3 ). The slurry 
has a chemical composition which accelerates removal of the top surface. For example, for removal of tungsten an 
acidic and oxidizing slurry is used; this helps to convert the surface of the tungsten into a tungsten oxide, which is easily 
removed by the mechanical polishing operation. For removal of dielectrics, a basic chemistry is more typically used. 
[0004] General discussion of CMP techniques can be found in Ali et al., "Chemical-mechanical polishing of interlayer 

15 dielectric: a review," which appeared at page 63 of the October 1994 issue of SOLID STATE TECHNOLOGY, and ref- 
erences cited therein. (Note, however, that this article is particularly focused on dielectric removal.) Additional discus- 
sion can be found in DeJule. "Advances in CMP," SEMICONDUCTOR INTERNATIONAL, November 1996, at pages 88 
and following, and references cited therein; and in Kim et al., "Optimized Process Developed for Tungsten CMP," SEM- 
ICONDUCTOR INTERNATIONAL, November 1 996, at pages 1 1 9 and following. All of these materials are hereby incor- 

20 porated by reference. 

[0005] To provide the degree of uniformity which is desirable in planarizing integrated circuit processes, CMP stop 
layers are commonly used with CMP processes. One such CMP stop which is frequently desired is for oxide polishing. 
This is commonly done by including islands of silicon nitride, and using a slurry which achieves some selectivity to the 
nitride. However, the selectivities which are achieved with standard slurries are small, only of the order of 4 to 1 or so. 

25 [0006] Current state of the art uses silicon nitride as both a silicon etch hardmask, and as a CM P stop layer for chem- 
ical-mechanical polishing (CMP). Since the removal selectivity of silicon dioxide to silicon nitride is only 4:1 or 5:1 using 
industry-accepted slurries, the silicon nitride layer is not an effective CMP polish stop layer. Non-uniformity due to polish 
and pattern effects can cause the dielectric Si0 2 and silicon nitride over small isolated active device features to be pol- 
ished much more quickly than other features, thus causing damage to these small active regions. 

30 [0007] Some attempts have been made to achieve higher oxide: nitride selectivities by using other chemistries. One 
example of this is a chemistry in which the standard SS25 silica polishing slurry is modified by the addition of tetrame- 
thyl ammonium fluoride. However, the use of silicon nitride requires either a patterned etchback approach (which 
requires additional lithography steps) or the use of CMP slurries which include chemicals to passivate the silicon nitride 
surface and provide high selectivity in CMP removal of Si0 2 , The patterned etchback approach is more expensive than 

35 other approaches. High selective slurries are not in mass production and have not yet gained wide industry acceptance, 
partly because they are difficult to clean from the wafer surface after CMP processing, and they have limited shelf and 
pot lives. 

[0008] Particular and preferred aspects of the invention are set out in the accompanying independent and dependent 
claims. Features of the dependent claims may be combined with those of the independent claims as appropriate and in 

40 combinations other than those explicitly set out in the claims. 

[0009] According to a first aspect of the invention there is provided a CMP process with silicon carbide polish stop 
layers. Thus, silicon carbide layers are used in a CMP process, or alternatively, a silicon carbonitride or silicon carbox- 
ide. It has been found that standard polishing chemistries will very easily give an extremely high selectivity (50 to 1 or 
better) between silicon dioxide and silicon carbide. This means that non-uniformities in oxide thickness or in polish rate 

45 will be smoothed out when the faster etching areas can be covered by polish stop layers. It has also been found that 
silicon nitride can also be polished selectively with respect to silicon carbide, with a polish rate ratio which is greater 
than 12 to 1. 

[001 0] One particularly important embodiment of the disclosed process is to provide a polish stop layer for planariza- 
tion of the isolation dielectric, such as shallow trench isolation, prior to formation of transistors. A layer of silicon carbide 
50 is deposited and patterned to serve as a hardmask for the trench etch. After filling of the trenches with dielectric, the 
silicon carbide serves as a polish stop, allowing a smoother planarization than is otherwise possible. A dummy moat is 
used in this process. 

[001 1] According to a second aspect of the invention there is provided a fabrication method for an integrated circuit 
structure, comprising the steps of: forming an oxide structure which includes, distributed there-through, a first layer 
55 comprising silicon and carbon; and polishing said oxide structure, using a slurry composition which has a selectivity to 
said first layer of greater than 1 0 to 1 , so that said polishing step smoothly removes said oxide on a first side of said first 
layer and stops on exposed areas of said first layer; whereby said exposed areas of said first layer define a uniform sur- 
face level for said oxide structure. The first layer may contain at least one percent as much carbon as silicon, or at least 
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0.01 percent or 0.0001 percent as much carbon as silicon. 

[001 2] According to a third aspect of the invention there is provided a fabrication method for an integrated circuit struc- 
ture, comprising the steps of: (a) providing a substrate which includes a body of semiconductor material; (b) depositing 
a first layer comprising silicon and carbon over said semiconductor material; (c) forming isolation structures which 
5 extend through said first layer into said semiconductor material; (d) filling said isolation structures with a dielectric which 
also extends over at least a portion of said first layer; (e) performing polishing to planarize said integrated circuit struc- 
ture; wherein said first layer acts as a polish stop for said polishing step. 
[001 3] Advantages achievable with the disclosed methods and structures include: 

w • additional (addition to moat pattern) patterned etch steps are not needed; 
slurries with wide industry acceptance can be used; 

• less expensive than currently accepted approaches that use silicon nitride and reverse moat pattern and etchback; 

• requires fewer process steps than patterned etchback approaches; 
compatible with existing CMP slurries; 

is • compatible with pads which have wide industry acceptance. 

[0014] For a better understanding of the invention and to show how the same may be carried into effect reference is 
now made by way of example to the accompanying drawings in which: 

20 Figure 1 is a flowchart of a process using silicon carbide; and 

Figures 2A-2C show a cross-section of a wafer during various steps in the process of Figure 1 . 

[001 5] Figure 1 is a flowchart of an embodiment of a process, which will now be discussed also with regard to Figures 
2 A-2C. The process begins with a bare wafer on which an oxide is grown (step 1 1 0) to a thickness of approximately 7.5- 
25 30 nm. Optionally, a thin dielectric underlayer (not shown) can be deposited at this time. In the presently preferred 
embodiment, this can be silicon nitride having a thickness between 20 and 300 nm. This is followed by deposition of 
approximately 20-250 nm of silicon carbide (step 120). In the present embodiment, the silicon carbide is deposited in a 
single plasma-enhanced chemical vapour deposition (PECVD) process, with the following recipe: 

30 Source gas: silane/methane, trimethylsilane, or other organosilicon gas; 

Carrier gas: Ar or He; 

Pressure: about 2-8 Torr; 

Gas flow 500-5000 seem; 

RF power density: about 2 W/cm2 (13.56 MHz); 

35 Substrate temperature: 200-500 (preferably 350) degrees C. 

[0016] Following the SiC deposition, photoresist is deposited and patterned to expose areas where isolation struc- 
tures are desired, giving the structure shown in Figure 2A. The silicon carbide, optional nitride, oxide and silicon are 
etched (step 130) to form trenches 90. A thin layer of oxide will typically be grown on the walls of the trench, then the 

40 trench is overfilled (step 140) with a dielectric, typically a silicon dioxide, giving the structure in Figure 2B. Following the 
SiC deposition, photoresist is deposited and patterned to expose areas where isolation structures are desired, giving 
the structure shown in Figure 2A. The silicon carbide, optional nitride, oxide and silicon are etched (step 130) to form 
trenches 90. A thin layer of oxide will typically be grown on the walls of the trench, then the trench is overfilled (step 1 40) 
with a dielectric, typically a silicon dioxide, giving the structure in Figure 2B. 

45 [0017] Chemical-mechanical polishing (CMP) is then performed (step 150) until all the remaining silicon carbide is 
exposed. Parameters in the polish step are as follows, with ranges given first and presently preferred values in paren- 



50 



Polish Parameters: 
[0018] 

Downforce 2-10 (6.5) psi 

Back Pressure 0.5-5 (1 .5) psi 

55 Table Speed 1 5-1 00 (32) rpm 

Carrier Speed 1 5-1 00 (28) rpm 

Conditioning 1 -7 (3) lbs/30 rpm/in situ/1 .5 seconds per segment 

Slurry Flow 50-700 (200) ml/min 
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Example of Consumables in Polish (many others can be used): 
[0019] 

Pad ICI400, K-Groove - Vendor = Rodel 

Slurry SS25 diluted 3:2 with Dl H20; Vendor = Cabot 

Backing Film DF245, Vendor = Rodel 

[0020] The examples given above for the polish step are merely illustrative and are not limiting, as many variations 
are possible using the disclosed stop layer. 

[0021] Following the CMP step, the silicon carbide and other dielectrics will be removed, resulting in a planar active 
area. In order for the CMP step to give the desired results, it is necessary to design a dummy active area pattern, i.e. 
area that is patterned as an active area, but is not electrically active. This dummy area serves to eliminate large trench 
area that would be dished during CMP planarization and could thereby cause damage to active areas at the edges of 
wide trenches. Instead, the dummy areas provide support for the CMP pad, allowing only minimum bending of the pad 
surface. 

First Etch Embodiment for SiC: 

[0022] In a first embodiment, the process used to etch the silicon carbide is a CI 2 /0 2 etch, at about 600-900 degrees 
C, with a Cl 2 flow of 1 -20 litres/minute and 0 2 flow of 1 -20 litres/minute, at atmospheric pressure. The CI 2 /0 2 will selec- 
tively etch the SiC from the Si0 2 surface. 

Second Etch Embodiment for SiC: 

[0023] In an alternative embodiment, the process used to etch the silicon carbide is a Cl 2 etch, at about 300 mTorr, 
with gas flow of 10-300 seem, Ar flow of 0-100 seem, 02 flow of 0-50 seem, RF power density of about 0.5-4 W/cm 2 
(13.56 MHz), and magnetic field of 0-30 G. Removal rates for SiC relative to Si0 2 of 10:1 have been achieved. 

Third Etch Embodiment for SiC: 

[0024] In an alternative embodiment, the etch uses a chemistry of CF4/0 2 /H 2 /Ar, with an 0 2 fraction of 0-90 percent, 
H 2 flow of 0-20 seem, (f luorinated-0 2 gas flow of 1 0-50 seem), Ar flow of 1 0-1 00 seem, chamber pressure of about 1 0- 
50 mTorr, RF Power density of about 0.5-4 W/cm 2 (13.56 MHz), and magnetic field of 0-30 G. 

Fourth Etch Embodiment for SiC: 

[0025] In a further alternative embodiment, the etch uses a SFe/CV^/Ar chemistry, with an 0 2 fraction of 0-90%, H 2 
flowrate of 0-20 seem, (fluorinated-0 2 gas flow 10-50 seem), Ar flow of 10-100 seem, a chamber pressure of about 10- 
50 mTorr, RF Power density of about 0.5-4 W/cm 2 (13.56 MHz), and magnetic field of 0-30 G. 

Fifth Etch Embodiment for SiC: 

[0026] In a further alternative embodiment, the etch uses a chemistry of NF^CHF^CF^Ar/Og/Hg, with an 0 2 fraction 
of 0-50 percent, H 2 flow of 0-100 seem, (fluorinated-Ar gas flow of 50-200 seem), Ar flow of 10-100, chamber pressure 
of about 10-50 mTorr, RF Power density of approximately 0.5-4 W/cm 2 (13.56 MHz), and magnetic field of 0-30 G. 

Experimental Data 



[0027] The following data was taken by measurements on sheetf ilm deposited on pilot wafers. 
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Source 


Deposition Temperature 


CMP Selectivity to Oxide 


TMS 


250 C 


10.6:1 


TMS 


350 C 


43:1 


TMS 


500 C 


44:1 


Silane/Methane 


350 C 


50:1 



TMS = Trimethylsilane 



[0028] Wafers deposited with the si lane/methane chemistry appeared overall to have better CMP selectivity to Si0 2 
is and fewer defects and film thickness uniformity. There exists some variation in CMP selectivity of Si0 2 :SiC dependent 
on the location on the wafer. The CMP removal rate selectivity near the wafer centre of Si0 2 :SiC was actually 70:1 
whereas the selectivity near the edge of the wafer was 37:1 . 

[0029] The high levels of CMP removal rate selectivity of oxide to silicon carbide indicate that silicon carbide is a very 
good stopping layer for CMP oxide planarization processes. Compared to the current state of the art using silicon nitride 
20 as a stop layer that has removal rate selectivity (oxide:nitride) of 4:1 except using advanced slurries where removal rate 
selectivity ranges from 12:1 to reported 20:1 , silicon carbide will be much better than silicon nitride since less SiC mate- 
rial will be removed. 

[0030] The CMP process is standard for undoped oxide removal at transistor isolation, and interlevel dielectric planari- 
zation. 

25 

Alternative Embodiments 

[0031] Alloys of silicon carbide with other materials are also possible CMP stop layers. The chief difficulty in selecting 
these alloys is to maintain a balance between the hardness of the material, important in CMP, and the selectivity of the 
30 stop layer etch to Si0 2 . 

[0032] In one alternative embodiment, silicon carbide is alloyed with nitrogen to form a silicon carbonitride Si x C y N z . 
Given the nitride bonds in this material, it may be possible to remove this layer with a wet etch, such as the hot phos- 
phoric acid bath used to remove silicon nitride. 

[0033] In another alternative embodiment, silicon carbide is alloyed with oxygen to form a silicon carboxide Si x C y O z 
35 layer. This embodiment is generally less preferred, as selectivity to oxide is not as easy to obtain with this material, due 
to its own oxide bonds. However, there is some evidence that the silicon carbide deposited in the primary embodiment 
may have more oxygen than would be expected. 

[0034] In another alternative embodiment, silicon carbide is alloyed with both nitrogen and oxygen, forming a silicon 
carboxynitride Si x C x N y O z . 

40 [0035] As will be recognized by those skilled in the art, the concepts described in the present application can be mod- 
ified and varied over a tremendous range of applications, and accordingly the scope is not limited by any of the specific 
exemplary teachings given. 

Claims 

45 

1 . A fabrication method for an integrated circuit structure, comprising the steps of: 

forming an oxide structure which includes, distributed there-through, a first layer comprising silicon and carbon; 
and 

so polishing said oxide structure, using a slurry composition which has a selectivity to said first layer of greater 

than 1 0 to 1 , so that said polishing step smoothly removes said oxide on a first side of said first layer and stops 
on exposed areas of said first layer; 

whereby said exposed areas of said first layer define a uniform surface level for said oxide structure. 
55 2. The fabrication method of Claim 1 , wherein said polishing step uses chemical mechanical polishing. 



3. The fabrication method of Claim 1 or Claim 2, wherein said oxide structure fills a trench which extends into a sem- 
iconductor material. 
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4. The fabrication method of Claim 1 , Claim 2 or Claim 3, wherein said first layer consists of silicon carbide. 

5. A fabrication method for an integrated circuit structure, comprising the steps of: 

(a) providing a substrate which includes a body of semiconductor material; 

(b) depositing a first layer comprising silicon and carbon over said semiconductor material; 

(c) forming isolation structures which extend through said first layer into said semiconductor material; 

(d) filling said isolation structures with a dielectric which also extends over at least a portion of said first layer; 

(e) performing polishing to planarize said integrated circuit structure; wherein said first layer acts as a polish 
stop for said polishing step. 

6. The method of Claim 5, wherein said first layer consists of silicon carbide. 

7. The method of Claim 5 or Claim 6, further comprising the step, before said step (b) of: 

(a1) forming a layer of an oxide over said semiconductor material; 
(a2) depositing a layer of silicon nitride over said layer of oxide; 
wherein said first layer directly overlies said silicon nitride layer. 

8. The fabrication method of Claim 5. Claim 6 or Claim 7, wherein said polishing step uses chemical mechanical pol- 
ishing. 

9. The fabrication method of any one of the preceding Claims, wherein the first layer contains at least one percent as 
much carbon as silicon, or at least 0.01 or 0.0001 percent as much carbon as silicon. 
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